The unsaturated cluster 2 (CO) 10 ] reacts with a variety of -conjugated phosphole ligands to give mono-substituted derivatives with fluxional behavior, while the reaction of [Os 3 (CO) 10 (CH 3 CN) 2 ] with cyanoethyldiphenylphosphine affords mono-and bis(phosphine)-substituted clusters, whose dynamic behavior is studied by variable-temperature 1 H and 31 P NMR spectroscopy. 
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT M A N U S C R I P T A C C E P T E D

Introduction
Studies of electronic and coordinative deficiency in mononuclear complexes suggest that unsaturated transition metal clusters should exhibit unique patterns of chemical behavior with potential applications in catalysis [1] [2] [3] [4] [5] . The availability of multiple metallic binding sites at the heart of the cluster-surface can be an important factor influencing catalytic activity, occupying a position between traditional heterogeneous and homogeneous systems [6] .
Catalytic hydrogenation is one of the most important industrial processes, for which there has been a substantial number of related studies using polymetallic hydride clusters [7] . In this context, the coordinatively unsaturated 46 e -[Os 3 (µ-H) 2 (CO) 10 ] cluster has been reported to catalyze olefin isomerization and hydrogenation [8] [9] [10] . These unsaturated species readily react with a number of Lewis bases (L), such as phosphines, arsines, CO, nitriles, amines and halides, to
give coordinatively saturated [Os 3 (µ-H)(H)(CO) 10 (L)] clusters which have showed intramolecular bridge-terminal hydride exchange [8, 11, 12] . Indeed , the unsaturated [Os 3 (µ-H) 2 (CO) 9 (L)] clusters are often symmetric and the hydride ligands are chemically equivalent [13, 14] .
On the other hand, phosphine-substituted triosmium clusters have always attracted researchers interest not only from a synthetic point of view, but also because of their diverse applications in catalysis [15] . One interesting feature of disubstituted 1,2-[Os 3 (CO) 10 (L) 2 ] (L = M A N U S C R I P T
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phosphine) derivatives is the different isomers that are present, which are in rapid equilibrium and have been detected by variable-temperature 31 P{ 1 H} NMR spectroscopy [16, 17] .
In view of the importance of triosmium and triruthenium clusters, we have studied its reactivity with heterocyclic phosphines known as phospholes, such as 1-phenylphosphole, 3,4-dimethyl-1-phenylphosphole and 3-methyl-1-phenylphosphole [18] [19] [20] . bonded to an equatorial site [8] . The signals observed in the 1 H and M A N U S C R I P T
hydride resonance at -10.63 that integrates for two bridging hydrides with a J PH coupling of 7.6 Hz, what is indicative of the presence of a cis phosphole ligand. Although this region is usually associated to terminal hydrides in triosmium chemistry, it is known that the signal of the unsaturated Os-(µ-H) 2 -Os unit could also appear at these chemical shifts values [14, 25] . [7, 11, 12, 14, [21] [22] [23] [24] . Thus, the M A N U S C R I P T
ligand occupies a pseudoaxial site at one of the osmium atoms in the Os-(µ-H) 2 isomers in approximately 7:3 ratio; the major isomer has two non-equivalent phosphorus nuclei, whereas the minor isomer contains two equivalent phosphines (Figure 3) . The inseparable mixture of clusters corresponds to the 1,2-trans-cis and 1,2-trans-trans isomers (cis or trans with respect to the Os-Os bond) (Scheme 3), which frequently occurs as a mixture of isomers in solution with rapid equilibrium [16] . The 1,1-and 1,2-cis-cis isomers are ruled out because they would require significantly higher energy due to steric considerations [30, 33] .
ii) Fluxional analysis:
Mutual exchange of the bridging and terminal hydride in 1a is evident by variable- [11, 14, 34] . At 20 °C, the hydride resonances disappear completely into the baseline and decomposition occurs before the fast-exchange limit could be observed.
The rate constant kc and the free energy of activation ( G c ) for the hydride interchange in 1a could be estimated from 1 H NMR data at the slow-exchange limit (see Table 1 and Figure 1 ).
The bridge terminal hydride exchange in 1a occurs at a rate of 10.8x10 3 s -1 , and the G c was found to be 12.2 kcal mol -1 , whose values are close to those reported for similar complexes containing phosphine ligands [11, 34] .
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Variable-temperature 1 H NMR spectra shown in the Figure 2 for the 1c and The rate constant kc and the free energy of activation ( G c ) for the hydride interchange in 1c and 2c 1-4 could be estimated in each case from the coalescence temperature and at the slowexchange limit (see Table 1 ). In isomer 1c, the terminal hydride moves into the bridging position at a rate of 6.0x10 3 s -1 ( G c = 14.9 kcal mol -1 ), being a slower dynamic process than in 1a. As it is observed for compound 4, the three singlet signals displayed in the 31 P{ 1 H} NMR spectrum ( Figure 3 ) at -20 ºC coalesce when a solution of 4 is warmed to 80 °C. The mechanism of the isomerization has been reported involving a restricted trigonal twist at one of the osmium atoms containing a phosphine ligand [33, 35] , which results in a movement of the phosphine ligand between the equatorial sites on the metal center (4a and 4b, Scheme 3). The rate constant was M A N U S C R I P T 
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iii) X-ray diffraction analysis:
The structure of 2b was confirmed by an X-ray crystallographic study. A view of the molecule is shown in Figure 4 ; bond lengths and angles are given in Table 2 The structure of 3 is shown in Figure 5 ; selected bond lengths and angles are given in Table   3 . The phosphine ligand is coordinated through the phosphorus atom occupying a sterically The single crystals of 4 were obtained by slow concentration in acetonitrile, which only corresponded to the isomer 4a. The molecular structure of 4a is shown in Figure 6 ; selected bond lengths and angles are listed in Table 3 . The single-crystal X-ray structure represents the symmetric isomer 1,2-trans-trans, where the phosphine ligands occupy equatorial coordination sites. The osmium cluster has ten carbonyl ligands, four bonded to Os(2) and three to Os(1) and Os ( Bruker Avance AM300, AM500 and AM600 spectrometers, and assignment of carbon chemical shifts was based on HMBC and HMQC experiments. IR spectra were recorded on a Nicolet 5DXC
and single-crystal X-ray data collection was performed at room temperature on a Rigaku AFC7S diffractometer (Mo-Kα radiation, λ = 0.710 73 Å). Decarbonylation of A gives nonacarbonyl unsaturated species with equivalent hydrides.
Reaction of [Os
Mono-and bis-substituted osmium clusters are obtained with phosphine ligands.
[Os 3 (CO) 10 (P) 2 ] exist as a mixture of 1,2-trans-trans and 1,2 -cis-trans isomers.
